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Who needs phase or group delay
estimation?

u Acquisition of fringes

l Observations must stay within the coherence envelope

l By eye, ear, or by photoelectric means

u Calibration of fringe measurements

l Must remain on the same part of the coherence
envelope, otherwise calibration (source/calibrator) will
not be accurate

u Astrometric interferometers measure phase

u Phase measurement necessary for image reconstruction
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White light fringe
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Phase Delay and Group Delay Explained

u Phase Delay: phase difference at a particular wavenumber

u Group Delay: Rate-of-change of phase w.r.t. wavenumber
measured at a particular wavenumber (1/λ).
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Model of the Fringe



P
.R

. L
aw

so
n

 -
 P

h
as

e 
an

d
 G

ro
u

p 
D

el
ay

 E
st

im
at

io
n

Methods of Phase Estimation:
phase stepping technique
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Methods of Phase Estimation:
integrating bucket technique
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Methods of Phase Measurement
integrating bucket technique

Sources of Error

u Vibration and turbulence

u Quantization of detected signal

u Miscalibration of phase-shifter (piezo stroke)

u Phase-shifter stroke non-linearities

l require same non-linearities for each measurement

u Detector non-linearities

Sawtooth waveform (PTI)Triangular waveform (Mark III, NPOI)
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Methods of Phase Estimation:
simultaneous phase measurements

at multiple wavelengths

u Mark III Interferometer

l Delay modulated with a stroke of λ=800 nm

l Observations at 550 nm and 450 nm re-define the
bounds of the A, B, C, and D bins because the total
stroke is greater than 1λ at those wavelengths

l Photons are thrown away when stroke > λ

u PTI and NPOI use this principle for multi-wavelength phase
measurements

l PTI uses NICMOS III detectors at 2.2 µm

l NPOI uses avalanche photodiodes at visible
wavelengths
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Phase Unwrapping
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Group Delay Tracking

u Number of fringes across bandwidth
defined by λmin and λmax is given by

u Path-difference is proportional to the number of fringes
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Approaches to Group Delay Tracking

u Data

å Channeled spectrum: single snap-shot of stellar spectrum
with fringes.

� Fringe phasors: derived from multi-wavelength phase
measurements.

u Data processing algorithms

å Fast Fourier transform, or any of its relatives.

� Least-squares fit using model stellar fringes or phasors.

ê Any (model-based) method of modern spectrum analysis.
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Methods of Group Delay Estimation:
Channeled Spectrum
fast Fourier transform

u Disadvantages:

l No sign (+/-) for group delay

l Tracking at zero group delay is problematic

l Thresholding not straightforward
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Methods of Group Delay Estimation:
Channeled Spectrum

Lomb-Scargle Periodogram

u Advantages:

l Linear least-squares fit to harmonics

l Allows threshold to be set for peak detection

u Disadvantages:

l Not easily adaptable to fringe phasors ?

Other methods of least-squares fitting also possible using more parameters
        See for example W.A. Traub et al. SPIE 1237, 145-152 (1990)
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Methods of Group Delay Estimation:
Multi-Wavelength Fringe Phasors

fast Fourier transform
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Methods of Group Delay Estimation:
Multi-Wavelength Fringe Phasors

fast Fourier transform

u Advantages:

l sign is unambiguous

l tracking at zero group delay is straightforward

u Disadvantages:

l Cannot weigh data to selectively ignore bad pixels




